Complement C1q tumor necrosis factor-related protein 1 • Congestive heart failure • Adipokine • Cytochrome P-450 11-hydroxylase 2 • Aldosterone Abstract Background/Aims: C1q and tumour necrosis factor-related protein 1 (CTRP1) possesses antiatherogenic and anti-inflammatory effects. This study investigated whether the CTRP1 levels in the plasma and epicardial adipose tissue (EAT) were associated with congestive heart failure (CHF) and to disclose possible molecular mechanisms. Methods: Plasma and tissue samples were obtained from subjects with or without CHF. Plasma levels of CTRP1 were measured by ELISA. The mRNA levels of CTRP1 and inflammatory cytokines were detected by RT-PCR. The protein levels of CTRP1, aldosterone synthase (CYP11B2) and mitogen-activated protein kinase were examined by Western blotting. Results: The levels of CTRP1 in the plasma and EAT were higher in the CHF patients than those in the controls. There were no differences in the CTRP1 levels in cardiomyocytes between the CHF group and the non-CHF group. An exploratory survival analysis showed that higher CTRP1 values at admission were associated with a worse prognosis after discharge. CTRP1 increased the IL-6 mRNA level in H295R cells. CTRP1 recruited ERK1/2 and Jak-2 for aldosterone release by modulating the CYP11B2 protein level, and brain natriuretic peptide repressed the CTRP1-induced aldosterone release through the JAK2-STAT3 signalling pathways. Conclusion: The CTRP1 levels in the plasma and EAT were increased in the CHF patients. CTRP1 is involved in the pathogenesis of CHF by modulating IL-6 levels and aldosterone release.
Introduction
Adipose tissue is an active endocrine organ that secretes a variety of molecules that affect both glucose metabolism and cardiovascular function [1] . Recently, epicardial adipose tissue (EAT) has emerged as a novel target for the stratification of cardiometabolic risk factors due to its unique location and multifaceted metabolic properties with systemic and local effects [2] . Epicardial fat and the heart share an unobstructed microcirculation, which suggests that paracrine or vasocrine interactions can occur [3, 4] . C1q and tumour necrosis factor-related protein 1 (CTRP1) is a novel adipokine that is synthesized in arterial perivascular adipose tissue [5, 6] . Recent data suggest that high levels of circulating CTRP1 are associated with metabolic syndrome, adiponectin deficiency, platelet aggregation, athero-inflammation and hypertension [7] [8] [9] [10] [11] .
Congestive heart failure (CHF) is a complex clinical syndrome that results from any structural or functional impairment of the ventricular filling or ejection of blood [12] . The renin-angiotensin-aldosterone system (RAAS) plays a critical role in the regulation of sodium and water balance and stimulates myocardial and vascular fibrosis in CHF [13] . One study has shown that angiotensin II stimulated the secretion of CTRP1, which acted as an endogenous aldosterone-stimulating factor [11] It is well-known that brain natriuretic peptide (BNP) has a wide range of potent cardioprotective effects, including vasodilation, diuresis and the inhibition of the RAAS [14] . A recent study has shown that low levels of BNP could lead to reduced lipolysis and, thus, promote obesity [15] . However, the mRNA expression of multiple pro-inflammatory adipocytokines, including adiponectin, IL-1β, IL-6 and TNF-α, were markedly increased in CHF patients [16] . In animal studies, an LPS treatment caused TNF-α-and IL-1β-induced elevations of CTRP1 levels in adipose tissue [17] .
However, the relationship between CTRP1 and CHF remains unknown. In the present study, we investigated whether CTRP1 levels in the plasma or EAT were associated with the prevalence of CHF and analysed the possible molecular mechanism of CTRP1 in the pathogenesis of CHF.
Materials and Methods

Subjects
In total, 110 consecutive patients with CHF were enrolled from inpatients at the cardiovascular ward between September 2015 and July 2016. Patients were identified as CHF patients if they exhibited a clinical syndrome characterized by typical symptoms (e.g., breathlessness, ankle swelling and fatigue) that may be accompanied by signs (e.g., elevated jugular venous pressure, pulmonary crackles and peripheral oedema) [18] . The aetiology of CHF in all patients was assessed by echocardiography, cineventriculography, a radionuclide technique, cardiac magnetic resonance and coronary angiography [12] . Among the 110 patients with CHF, 25 patients underwent cardiac surgery, including 12 patients who underwent coronary artery bypass grafting (CABG) and 13 patients who underwent valvular replacement. In total, 50 control subjects were enrolled, including 40 subjects who were recruited from those having a health check at the outpatient clinic and 10 patients with non-CHF (NCHF) who underwent open-heart surgery for CABG (n=4), valvular replacement (n=4) or atrial septal defect repair (n=2). We excluded subjects with acute myocardial infarction and diabetes mellitus and those taking glitazones, which are known as peroxisome proliferatoractivated receptor gamma ligands and stimulate fat tissue CTRP1 expression [19] . During the acute illness, the majority of the patients were treated with diuretics or vasodilators and a minority of the patients required positive inotropic agents. Most of the patients had been treated with several treatments, including angiotensin-converting enzyme inhibitors, angiotensin II receptor antagonists, beta-blocker, aldosterone blocker and diuretics, as the basic treatment.
The study protocol complied with the Declaration of Helsinki and was approved by the ethics committee of West China Hospital of Si Chuan University. Written informed consent was obtained from each patient before enrolment. 
Blood Samples
For the 40 control subjects, the blood samples were obtained from the outpatient clinic. For the patients with or without CHF, the blood samples were obtained from the patients upon arrival to the emergency unit (upon admission), 24 h, 48 h, and at discharge. The samples were placed in chilled tubes containing EDTANa2 (1 mg/mL blood) and centrifuged at 3, 000 rpm at 4°C for 15 min. The plasma was stored at -80°C until further use.
Cardiomyocytes and adipose tissue acquisition
The tissue samples were obtained prior to the initiation of cardiac surgery from areas that had not previously been injured mechanically or cauterized. The right atrium myocardium was acquired from patients undergoing heart valve replacements. Two portions of adipose biopsy were harvested, including EAT near the right coronary artery ostium and subcutaneous adipose tissue (SAT) from the area of the chest incision. The tissue samples (average 0.5 g) were rinsed with phosphate buffered saline and then divided into two portions. One portion was stored in liquid nitrogen for the RNA and protein isolation, and the other portion was immersed in neutralized formalin for the immunohistochemistry analysis.
Cell culture H295R cells (China infrastructure of cell line resource, China), which are known as the human adrenal gland cell line, were plated at a concentration of 5×10 5 cells/ml in 24-well plates and incubated for 24 h. Prior to the experiments, the cells were starved with serum-free Dulbecco's modified Eagle's medium/Ham's F12 medium for 12 h. The serum-starved cells were treated various times with 40 ng/mL of recombinant human CTRP1 (Abcam, USA) or BNP (ApexiBio, USA), and the culture supernatants were harvested at each time point.
ELISA
The concentrations of plasma CTRP1 (RayBiotech, USA) and aldosterone (Cayman Chemical, USA) were detected using commercially available enzyme-linked immunosorbent assay (ELISA) kits following the manufacturer's instructions. The ELISA intra-assay and inter-assay coefficients of variation were both <5 %. The other parameters were obtained from the Biochemical Laboratory, Institute of Cardiology, West China Hospital. All samples were measured in triplicate.
Immunohistochemistry
Paraffin-embedded tissue sections were deparaffined, rehydrated in descending grades of alcohol, and stained with haematoxylin and eosin. Briefly, selected slides were incubated in 3 % H 2 O 2 for 15 min and then blocked with normal goat serum for 20 min. After the removal of the excess serum, the sections were incubated with the primary antibody (CTRP-1, 1:200 dilution; Abcam, USA) at 4°C overnight in a moisture chamber. The sections were then incubated with biotinylated secondary antibodies for 20 min, followed by avidin-biotin reagents for 20 min. The slides were incubated with Diaminobenzidine (DAB) and counterstained for 1 min with haematoxylin. Light microscope observations and digital images were recorded. Positive staining of CTRP-1 was brown. The expression of CTRP-1 was semi-quantified by measuring the integrated optical density (IOD) of positively stained tissue using Image-Pro plus software 6.0 (Media Cybernetics, USA). The IOD of each tissue section was calculated based on four separate fields viewed at ×200 magnification.
Assessment of mRNA
Total RNA was extracted from tissues using TRIzol reagent (Invitrogen, USA). Quantitative Real-Time PCR (qRT-PCR) was performed using a One Step SYBR PrimeScript RT-PCR Kit (Takara, Japan) and an ABI PRISM 7500 Sequence system (Applied Biosystems, UAS) according to the manufacturer's protocol. Glyceraldehyde-3-phosphate dehydrogenase (GAPDH) was used as an endogenous control. Fold changes in the mRNA expression level normalized to GAPDH were calculated using the comparative Ct method formula 2 Western blot analysis Total protein extracts were prepared and then subjected to a Western blot analysis. After the SDSpolyacrylamide gel electrophoresis, the proteins were transferred onto nitrocellulose membrane and detected by the corresponding primary antibodies against cytochrome P-450 11β-hydroxylase 2 (CYP11B2) (Santa Cruz, USA), U0126 (1, 4-Diamino-2, 3-dicyano-1, 4-bis(2aminophenylthio)butadiene)(Abcam, London, UK), SB203580 (4-(4-Fluorophenyl)-2-(4-methylsulfinylphenyl)-5-(4-pyridyl)1H-imidazole, HCl) (Abcam, London, UK), AG490 (N-Benzyl-3, 4-dihydroxy-α-cyanocinnamide)(Abcam, London, UK) and β-action (Beyotime, China), followed by horseradish peroxidase (HRP)-conjugated secondary antibodies. The proteins were visualized using the Enhanced chemiluminescence kit (Thermo, USA). Semi-quantitative analysis of the film was performed using the Image-Pro Plus analysis software.
Statistical Analysis
Numerical data were reported as the mean±SD or the median and interquartile range as appropriate. Continuous variables were analysed by one-way ANOVA or Kruskal-Wallis test to compare differences among the groups. Categorical data were analysed by the chi-square test. Variables were log-transformed as appropriate. A multiple regression analysis was performed to determine the independent relationships among the clinical parameters. For all analyses, a two-tailed p-value <0.05 was considered statistically significant. For an exploratory survival analysis, the patients were divided into two groups based on the median CTRP1 values. Then, Kaplan-Meier survival curves were constructed for each of the subgroups and compared. All statistical calculations were performed using SPSS software (version 16.0.2; SPSS Inc., Chicago, Illinois).
Results
Patient characteristics
The characteristics of the patients with CHF (n=110) and the corresponding age-and sex-matched control subjects (n=50) are described in Table 1 . Compared with the control subjects, the patients with CHF had greater values of DBP, HR, ALT, TC, TG, HDL-C, creatinine, uric acid, hsTnI, hs-CRP, HCy, BNP, TNF-α, IL-1β, IL-6, and left ventricular end-diastolic diameter (LVEDD) and lower values of ventricular ejection fraction (LVEF) (p<0.05 for all parameters).
Plasma CTRP1 levels were greatly increased in the patients with CHF
The plasma CTRP1 levels were greatly increased in the patients with CHF compared with those in the control subjects at admission (282±194 ng/mL vs. 153±37 ng/mL, p=0.008, Fig. 1a) . The plasma CTRP1 levels were elevated according to the severity of the NYHA class in the CHF patients (control: 153±37, NYHA II: 256±115, NYHA III: 280±112, NYHA IV: 331±126 ng/mL, p=0.005, Fig. 1b) . We additionally subdivided the CHF patients into 2 groups of ischaemic cardiomyopathy and non-ischaemic cardiomyopathy. As the severity of the NYHA class increased, the plasma CTRP1 levels elevated in both patients with ischaemic (NYHA II: 253±114, NYHA III: 270±112, NYHA IV: 302±129 ng/ml) and non-ischaemic (NYHA II: 260±128, NYHA III: 290±117, NYHA IV: 332±148 ng/mL) cardiomyopathy. In addition, as the LVEDD value increased, the plasma CTRP1 levels elevated in the CHF patients (control: 153±37, LVEDD<55 mm:241±113, LVEDD≥55 mm: 324±112 ng/mL, p=0.002, Fig.  1c) . However, the plasma concentrations of CTRP1 were not significantly different among the 3 subgroups according to the LVEF class (LVEF<40: 295±116, LVEF 40~49: 300±115, LVEF≥50: 272±123 ng/mL, p=0.9, Fig. 1d ).
Changes in plasma CTRP1 values and other variables
The plasma CTRP1 values in the CHF patients peaked upon admission, were significantly increased compared with those of the controls and quickly decreased after 24 h (Fig. 2) . Other variables also changed following the treatment of CHF (Tables 1 and 2 
Comparison of CTRP1 expression in tissues between the CHF group and NCHF group
We performed immunohistochemistry to illustrate the expression of CTRP1 in human tissues. Tissue specimens were randomly selected from the CHF group (n = 25) and the 
NCHF group (n = 10). Fig. 3A -B shows representative immunostained tissue sections from patients with or without CHF. A quantitative analysis of the immunohistochemistry revealed that the amounts of CTRP1 protein in EAT were higher in the patients with CHF than those in patients without CHF (61459±28419 vs. 48921±18923, p = 0.01, Fig. 3A-a,b,d and C) . In all patients who underwent cardiac surgery, significantly higher levels of CTRP1 were found in the EAT than in the SAT (61459±28419 vs. 24682±9384, p=0.01; 48921±18923 vs. 27139±8393, p=0.03, Fig. 3A -a, b, c and C). For the CHF group, the CTRP1 expression in the EAT from the LVEDD≥55 subgroup was higher than that from the LVEDD<55 subgroup (74612±30456 vs. 50313±20134, p=0.03, Fig. 3A-a, b and D) . In addition, there was no difference in the CTRP1 expression in the cardiomyocytes between the CHF group and the NCHF group (96823±34785 vs 99451±42351, p = 0.8, Fig. 3B,C) . We further assayed the mRNA and protein levels of CTRP1 in human tissues by qRT-PCR and Western blotting. In all patients who underwent cardiac surgery, the CTRP1 mRNA expression in the EAT was higher than that in the SAT (1.1±0.6 vs. 0.2±0.1, p= 0.004; 0.5±0.1 vs. 0.1±0.1, p= 0.02, Fig. 4A-a) . The CTRP1 mRNA expression in the EAT was markedly increased in the CHF patients compared with that in the NCHF patients (1.1±0.6 vs. 0.5±0.1, p= 0.008, Fig. 4A-a) . In the CHF group, the CTRP1 mRNA expression in the EAT was higher in the LVEDD≥55 subgroup than that in the LVEDD<55 subgroup (1.8±0.7 vs. 0.7±0.4, p= 0.01, Fig. 4A-b) . There was no significant alteration of CTRP1 mRNA expression in the (Fig.. 3B-b) (magnified ×200). C Results of the quantitative immunohistochemical analysis of CTRP1 in the EAT and SAT from patients in the two groups (CHF group, n = 25; NCHF group, n = 10) and CTRP1 in the cardiomyocytes from patients in the two groups (CHF group, n = 13; NCHF group, n = 4). D Results of the quantitative immunohistochemical analysis of CTRP1 in the EAT from patients in the CHF group (total, n=25; LVEDD≥55 subgroup, n = 17; LVEDD<55 subgroup, n = 8). E mRNA levels of TNF-α and IL-1β in the EAT from patients in the two groups (CHF group, n = 25; NCHF group, n = 10). *p<0.05, **p<0.01. CHF congestive heart failure, NCHF non-congestive heart failure, EAT epicardial adipose tissue, SAT subcutaneous adipose tissue, IOD integrated optical density.
Fig. 4.
The mRNA and protein expression levels of CTRP1 in human tissues. A-a mRNA levels of CTRP1 in paired EAT and SAT from patients in the two groups (CHF group, n = 25; NCHF group, n = 10), mRNA levels of CTRP1 in cardiomyocytes from patients in the two groups (CHF group, n = 13; NCHF group, n = 4); A-b mRNA levels of CTRP1 in the EAT from patients in the CHF group (total, n=25; LVEDD≥55 subgroup, n = 17; LVEDD<55 subgroup, n = 8). B-a protein levels of CTRP1 in paired EAT and SAT from patients in the CHF group and the NCHF group. B-b protein levels of CTRP1 in the cardiomyocytes from patients in the CHF group and the NCHF group. *p<0.05, **p<0.01. CHF congestive heart failure, NCHF non-congestive heart failure, EAT epicardial adipose tissue, SAT subcutaneous adipose tissue. Fig. 4a ). We also investigated CTRP1 protein expression in the EAT, SAT and cardiomyocytes in all patients, and the changes were comparable in magnitude with the mRNA expression changes in these tissues (Fig. 4B) .
Comparison of inflammatory cytokine mRNA expression in the EAT between the CHF group and NCHF group
By qRT-PCR, we found that the mRNA expression of TNF-α and IL-1β in the EAT from the CHF patients was significantly increased compared with that from the NCHF patients (4.8±1.7 vs. 0.7±0.2, p = 0.003; 6.3 ±2.4 vs. 1.0±0.4, p=0.005, Fig. 3E ).
Association between CTRP1 with other clinical parameters
The correlations between the CTRP1 levels in the plasma/EAT and several clinical parameters in the CHF patients are shown in Table 3 . In the multiple regression analysis, the plasma aldosterone level was an independent factor contributing to the CTRP1 levels in the plasma/EAT in the CHF patients (r=0.6, p=0.001; r=0.5, p=0.001) ( Table 3 ; Fig. 5 ). There was a tendency towards a positive correlation between the CTRP1 levels in the plasma/EAT and several clinical parameters in the CHF patients, such as BNP, TNF-α, IL-1β, IL-6 and LVEDD (Table 3) .
Prognosis
The mean follow-up period after the index admission was 188 days (range: 90-298 days). During the follow-up, 4 patients died, and 15 patients were readmitted due to worsening of heart failure. An exploratory survival analysis was performed with the composite endpoints of cardiac death and readmission for worsening of heart failure. A higher CTRP1 value at admission was associated with a worse prognosis (Fig. 6) . 
CTRP1 induced aldosterone secretion by enhancing the synthesis of CYP11B2 aldosterone synthase
The production of aldosterone synthase (CYP11B2) and aldosterone were examined by treating H295R cells with recombinant human CTRP1 at various time intervals at a concentration of 40 ng/mL. The CYP11B2 protein expression as analysed by Western blotting peaked at 6 h and decreased after 24 h (Fig. 7a) . Simultaneously, the level of aldosterone production in the H295R cells as measured by ELISA peaked at 6 h and decreased after 24 h (Fig. 7b) . 8 . CTRP1-mediated aldosterone release involved the MAPK signalling pathway. Effect of a MEK inhibitor U0126 (10 μmol/l), b p38 MAP kinase inhibitor SB203580 (10 μmol/l) and c Jak-2 inhibitor AG490 (50 μmol/l) on CYP11B2 protein levels. H295R cells were treated with CTRP1 (40 ng/mL) or phosphate buffer solution (PBS) in the presence or absence of U0126, SB203580 and AG490 for 24 h. d-f aldosterone quantifications were performed in the culture supernatants. Three independent experiments were performed in triplicate. *p<0.05; ** p<0.01.
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CTRP1 increased IL-6 secretion in H295R cells
H295R cells were incubated with 40 ng/mL of CTRP1 for different time periods from 0 to 24 h. The IL-6 mRNA expression in the culture supernatants peaked at 6 h and began to decrease at 12 h (Fig. 7c) .
CTRP1 mediated CYP11B2 expression and aldosterone release through the MAPK signalling pathways
To investigate the role of the MAP kinases in the CTRP1-mediated aldosterone secretion, H295R cells were incubated with CTRP1 in the presence or absence of the MEK (an upstream regulator of ERK1/2) inhibitor U0126 (10 μmol/l), p38 MAP kinase inhibitor SB203580 (10 μmol/l) and Jak-2 inhibitor AG490 (50 μmol/l) for 24 h, and the supernatants were collected for the aldosterone measurement. Whole cell lysates were utilized for the protein isolation, followed by the CYP11B2 protein level quantification by Western blotting. Our study indicated that CTRP1 activated the phosphorylation of ERK and STAT3 in the H295R cells, and there were no significant differences in the ERK and STAT3 protein levels (Fig. 8a,  c) . Both U0126 and AG490 significantly impeded the CTRP1-induced aldosterone release and CYP11B2 protein expression (Fig. 8a, c, d, f) . In contrast, SB203580 had no effect on the CTRP1-induced aldosterone release and CYP11B2 protein expression (Fig. 8b, e) .
BNP impeded the CTRP1-induced CYP11B2 expression and aldosterone release through the JAK2-STAT3 signalling pathways
Moreover, we tested whether BNP mediated the CTRP1-induced CYP11B2 expression and aldosterone release. To test this hypothesis, H295R cells were incubated with 10 -6 mol/L of BNP for 30 min and then treated for 12 h with 40 ng/mL of CTRP1. The CYP11B2 protein level in the H295R cells and the aldosterone concentration in the culture supernatants were examined. The results showed that compared with the CTRP1 group, both CYP11B2 and aldosterone protein expression were repressed in the co-treatment group (Fig. 9a-b) . The phosphorylation of STAT3 was attenuated in the co-treatment group (Fig. 9c-d) .
Discussion
In this cross-sectional observational study, we demonstrated that in the plasma and EAT, the CTRP1 levels in the CHF patients were significantly higher than those in the NCHF patients, whereas the CTRP1 levels in the cardiomyocytes were not markedly different between the two groups. Moreover, the CTRP1 expression in the plasma and EAT were positively correlated with the value of LVEDD. This study also suggested that CTRP1 might provide prognostic information in CHF patients independently of age, gender and LVEF. We further observed that CTRP1 caused a significant induction of IL-6 gene expression in H295R cells. CTRP1 recruited ERK1/2 and Jak-2 for aldosterone release through the modulation of the CYP11B2 protein level, and BNP repressed the CTRP1-induced aldosterone release through the JAK2-STAT3 signalling pathways.
Our experiments revealed that the plasma CTRP1 levels were increased in the CHF patients regardless of the cause of the heart failure. Some previous reports have suggested that the CTRP1 levels were increased in patients with stable coronary heart disease and mice with acute ischaemic injury [20, 21] . In this study, we excluded patients with acute myocardial infarction and found dynamic changes in the plasma concentration of CTRP1 in CHF patients. Furthermore, the plasma CTRP1 levels were elevated in CHF caused by nonischaemic cardiomyopathy and ischaemic cardiomyopathy. It was likely that the secretion of CTRP1 was stimulated by the overall inflammatory status in CHF. It is known that adiponectin, which is another important circulating adipocytokine, shares multiple common biochemical features with CTRPs and both have a similar globular head and trimetric basic protein structure [22] . In the diabetic state, in which the levels of adiponectin are low, CTRP1 exhibited a compensatory upregulation [5] . Takahiro Ohara et al. reported that the plasma adiponectin levels increased according to the severity of the ventricular dysfunction in CHF [23] . However, our data demonstrated that an augmented release of CTRP1 was involved in the pathogenesis of CHF. Therefore, our result indicated that some adipokines played different pathophysiological roles in various diseases, even though they shared similar domain structures.
Previous studies have highlighted that CTRP1 was associated with indexes of obesity. In our study, no significant difference of BMI was found between the CHF group and the control group. This result was consistent with a previous study reported by Lin Lu, who speculated that the inflammatory status might be a stronger stimulator to CTRP1 secretion in CHF than the adipose tissue mass [24, 25] . Moreover, some patients with CHF could have gained weight due to water-sodium retention.
Our data showed that the plasma CTRP1 levels increased according to the severity of the NYHA class, and the CTRP1 expression in the plasma and EAT were positively correlated with the value of LVEDD. However, no statistically significant association was found between the plasma CTRP1 levels and LVEF in the CHF patients. We hypothesized that CTRP1 was released from the tissues under the augment of cardiac pressures and the pathological ventricular wall distention in CHF; therefore, CTRP1 might be involved in ventricular remodelling. Furthermore, the prognostic results also showed that the higher plasma CTRP1 levels in CHF related to a worse prognosis or future deterioration of cardiac function.
Previous studies have reported that CTRP1 mRNA is expressed in the heart, placenta, liver, muscle and kidney and the highest expression levels are in adipose tissue [6] . We observed that in the CHF patients, the plasma and EAT CTRP1 levels were markedly higher than those in the NCHF patients. It is reasonable to speculate that the difference in the circulating CTRP1 level between the CHF group and the NCHF group might be partly due to the difference in the secretion of CTRP1 in the EAT. We found that the CTRP1 expression was significantly higher in the EAT than in the paired SAT in the CHF patients, but there was no significant difference in the CTRP1 levels in the cardiomyocytes between the two groups. We also found that pro-inflammatory adipocytokines, such as TNF-α and IL-6, in the EAT were significantly increased in the CHF patients. In animal studies, an LPS treatment caused TNF-α-and IL-1β-induced elevations of CTRP1 levels in adipose tissue [17] . Our experiments further revealed that the IL-6 mRNA level was elevated in the H295R cells by a treatment with CTRP1.
In the present study, we demonstrated that the CTRP1 levels in the plasma and EAT had a positive correlation with plasma aldosterone levels. Jun et al. reported that CTRP1 was expressed in the zona glomerulosa of the adrenal cortex and stimulated aldosterone [26] . Our experiments revealed that CTRP1 increased the protein expression of aldosterone synthase, and the secretion of aldosterone depended partially on the stimulation of the expression of P-ERK1/2 and P-STAT3. U0126 and AG490 significantly decreased the CTRP1-mediated aldosterone secretion in the H295R cells. These results indicated that CTRP1 employed ERK1/2 and Jak-2 as the downstream targets of aldosterone secretion and protein regulation of aldosterone synthase. In contrast, we observed that BNP inhibited the CTRP1-mediated aldosterone synthase protein expression and aldosterone secretion by attenuating ERK1/2 activation. This finding suggested that CTRP1 and BNP might play opposite roles in the pathogenesis of CHF. Most importantly, we hypothesized that in CHF patients, pro-inflammatory adipocytokines, such as TNF-α and IL-1β, in the plasma and EAT, induced EAT CTRP1 secretion, and the EAT-derived CTRP1 moved into the local coronary artery via paracrine mechanisms and was then transported to the blood cycle. Circulating CTRP1 might partly affect the pathogenesis of CHF by stimulating the release of aldosterone and IL-6 in adrenal cortical cells.
Several limitations of the present study should be considered. The characteristics of the subjects in the CHF group and the control group were not completely balanced, which may have confounded the association between the CTRP1 expression and CHF. Due to the restriction of the number of EAT biopsy samples, it was not possible to investigate the association between the EAT CTRP1 levels and NYHA classes or LVEF in CHF. We also did not detect the levels of CTRP1 secretion from the EAT and cardiomyocytes. Because we did not obtain cardiomyocyte samples from patients with different sicknesses, we only measured the CTRP1 level in cardiomyocytes from patients with valvular replacement.
Conclusion
Our study demonstrated that the levels of CTRP1 in the plasma and EAT were higher in the CHF patients. The plasma and EAT CTRP1 levels were positively associated with the value of LVEDD. Higher plasma CTRP1 values at admission might be a sign of low treatment responsiveness in CHF. Furthermore, CTRP1 increased IL-6 secretion in H295R cells. CTRP1 recruited extracellular signal-regulated kinase (ERK1/2 and JAK2) as a downstream regulator for the modulation of CYP11B2 protein level and aldosterone release. However, further studies are necessary to explain the precise role of CTRP1 in CHF.
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